Abstract: The world's habitat is being deteriorated despite of the precautions taken. Construction industry is among the industries which highly effect the environment adversely not only through its outputs but also through the construction process and its inputs. The main focus in dealing with the reduction of its footprint has been on sustainable building certificates which mainly analyse the output of the construction activies. There is need to analyse the construction supply chain as a whole and to embed sustainability dynamics in construction supply chain management. Lean construction project management contributes to the reduction of the environmental footprint of the construction industry, enabling reduction in waste, and increasing value added activities. For this reason, based on an in depth literature review, this paper analyses and establishes the principles of the integration of the sustainability dynamics into lean construction supply chain management.
INTRODUCTION
The climate is changing, the earth's temperature is rising, and the earth resources are being exploited. All these occur despite of the precautions (e.g. Kyoto protokol, green building certificates, etc.) taken. Einstein defines insanity as "doing the same thing over and over again and expecting different results." There is a need to act more strategically to protect the earth's environmental habitat for the survival of humankind. The data about the state of the world, as presented in the Rio+20 summit, revealed that today's humanbeings live less sustainably than they did in 1992 and that the economic activities' environmental impacts have the potential for causing uncontrollable global disasters [1] (p. 282). The report from the Intergovernmental Panel on Climate Change (IPCC) called for immediate action to reduce greenhouse gas emissions to keep global warming below 2°C [2] . Reduction in the CO 2 emmissions is within the agenda in the EU policies, and targets. The European Commission's Roadmap for moving to a low-carbon economy in 2050.
Sustainability needs to be an integrated part of the strategic management of the companies. 'Green' needs to be the way the companies operate. This requires transformation in the working culture of the companies and of their supply chains. Based on the pareto principle, this transformation in working culture needs to be launched especially in the industries which have high adverse impacts to the environment. Construction industry is among the industries which highly effect the environment adversely. As the construction industry effects the environment not only through its outputs but also through the construction process and its inputs, its footprint needs to be reduced. Currently the main focus in dealing with the reduction of its footprint has been on green building certificates which mainly analyse the output of the construction activies. There is need to look for other effective solutions to prevent the deterioration of our home planet. There is need to analyse the construction supply chain as a whole and to embed sustainability dynamics in construction supply chain management. This will be not only beneficial for the humankind and the earth but also for the companies as green practices have positive effects on quality, customer satisfaction and efficiency [3] .
As the companies are key players on the societal path towards sustainability, it is necessary to find practical approaches for sustainable development inside the companies themselves, as well as with regard to their supply chains [4] (p. 1060). Effective supply chain management plays key role in securing competitive advantage and improving organizational performance [5] (p. 107). Companies start to look at their supply chain to enhance their overall sustainability profile especially due to the fact that the focal companies are held responsible for environmental and social problems caused by their suppliers as well as due to the fact that an increasing share of value is created at the supplier level [4] (p. 1053). [6] (p.18) states that a company ''is no more sustainable than its supply chain''. There is literature on environmentally friendly supply chain management in different industries [7] , [8] , [9] , [10] , [4] , [11] , [12] , [13] , [14] , [15] . There is, however, limited literature on the sustainable construction supply chain management. Furthermore, for the efficient and effective construction project management, benchmarking can be carried out with management principles and applications in different industries such as manufacturing industry. The 'lean' principles have been originated from manufacturing industry and adapted to the construction under the name of lean construction project management which contributes especially to reduction in the environmental footprint of the construction industry, resulting in reduced waste, and increased value added activities. The lean supply chain strategy focuses on embedding lean principles and practices across the supply chain and on reducing waste in the supply chain, enabling companies to improve quality, delivery times and customer service and to reduce costs [16] , [17] , [18] . Embedding sustainability principles in the lean construction supply chain can help the construction industry to reduce its environmental footprint. For this reason, based on an indepth literature review and referring to the construction project phases, this paper aims to analyse and establish the principles of the integration of the sustainability dynamics in lean contruction supply chain management. It investigates how to integrate 'sustainability' and 'lean' principles to the construction supply chain management. Furthermore, the drivers for and barriers against integration of the sustainable and lean principles to the construction supply chain management have been analysed; the relationship of sustainable and lean construction supply chain management with strategic management, value creation, and contracting have been investigated.
EMBEDDING SUSTAINABILITY AND LEAN IN CONSTRUCTION SUPPLY CHAIN MANAGEMENT

Embedding Sustainability and Lean in the Main Construction Project Phases
Design, contracting, planning, construction, and control phases have been analysed with respect to the sustainability and leagility principles.
Design
Designers play an important role on sustainable outcomes. Design decisions influence the sustainability performance of the construction phase as well as of the operation and maintenance phase of the constructions. For example, arranging the size of the rooms considering tile size can reduce the amount of tiles wasted in the construction phase. Similarly, the material chosen in the design phase can affect the maintenance cost and need for replacement in the operation and maintenance phase. 'Sustainable and lean' design needs to reflect sustainability principles (i.e. sustainable building certificates requirements) as well as the lean construction principles as appropriate. [20] recommended that green should be incorporated upstream in the supply chain, i.e. in the product design phase [21] . [18] stated the lean construction principles as: specifying value from the customers' view, identifying the value stream, making the valuecreating flow, achieving customer pull at the right time and pursuing perfection for continuous improvement. Similarly, the lean construction principles loop, as identified by [22] , starts with identification of value followed by successive principles of mapping the value stream; creation of flow; and establishment of "pull" and seek perfection. According to the lean construction, design needs to reflect the value identified based on customers' point of view. The value created can be influenced relatively easier and less costly in the design phase than in successive phases, as the construction proceeds the changes are costly and time consuming [23] . From sustainability point of view, the scope of 'value' needs to be broadened to include the 'value' for the nature and the 'value' for the future generations. The broadened version of the 'value' concept can enhance the integration of lean and sustainability concepts. Construction supply chain is a chain for production where the value is created. Porter's value chain illustrates this fact focusing on primary activities and support activities so that efficiency in these activities can be increased resulting in increased profit margin of the company. Primary activities directly deal with the creation or delivery of a product or service, whereas support activities help to improve the effectiveness of primary activities. As the design process affects the sustainability and lean performance of the supply chain as well as the value created in the supply chain, there is need to update the Porter's generic value chain. Porter's generic value chain defined primary activities (inbound logistics, operations, outbound logistics, marketing and sales; and service) and support activities (firm infrastructure; human resource management; technology development; and procurement). Porter's generic value chain needs to be updated with the contemporary and future needs covering lean and sustainability principles (Figure 1 ) so that the lean and sustainability performance of the supply chain is supported:
• Design as primary activity: Primary activities need to include design as design is the most effective stage which influences the value created and the carbon footprint not only in the product but also in the supply chain. [29] emphasized the influence of design on the carbon footprint in the products and in their supply chain. Furthermore, value engineering of the product or construction can be achieved relatively less costly at the design stage.
• Lean management as support activity: Throughout the value chain, lean and agile management principles need to be applied as appropriate to the primary activities depending on the decoupling point.
• Value engineering as support activity: Throughout the value chain, the value created in the primary activities needs to be improved with the help of value engineering.
• Sustainable management as support activity: Throughout the value chain, the primary activities' sustainability need to be improved and their footprint needs to be reduced. For this reason, primary activities need be analysed from sustainability point of view (including economical, environmental and social aspects) so that their sustainability performance can be improved.
• Sustainability margin: The primary and support activities should not only enable profit margin but they should also enable sustainability. For this reason, there should be two margins one for the profit and the other for the sustainability. Profit is needed for the companies' survival so is the sustainability of the nature due to the fact that the production processes are dependent on the nature (i.e. raw materials, re-used materials, water, energy, etc.). The design phase needs to cover interdisciplinary team work considering the construction phase so that the need for re-work and variations in the construction phase are reduced. Re-work and variations can cause waste both in terms of lean principles (i.e. waste of making defective parts) as well as in terms of sustainability principles (i.e. adverse effect to the environment due to inefficient use of resources). Interdisciplinary team work in the design phase can also enhance lean and sustainability principles as it can enable development of the design foreseeing difficulties in the construction phase and creation of the design which is relatively more easy to construct. This collaboration at the design phase can also influence smooth progress of the construction work on site supporting lean construction principles such as reducing the waste of time on hand (waiting). The constructability analysis of the design in an interdisciplinary way complies with the lean construction principles [24] : reducing the share of non valueadding activities considering site specific factors; reducing variability; minimising the number of steps, parts and linkages. Furthermore, the end-users'involvement in the design process, where appropriate, can also reduce the need for the variation orders in the construction phase and can support the leanness and sustainability principles with the help of reducing the waste. The sustainable and lean design phase should be supported by the BIM and ICT [25] .
Design process should start with optimum site location determination unless it is determined by the Employer as the site location affects the leaness and sustainability of the construction process as well as the operation phase of the building and its environmental footprint.
reason, primary activities need be analysed from sustainability point of view (including economical, environmental and social aspects) so that their sustainability performance can be improved.
• Sustainability margin: The primary and support activities should not only enable profit margin but they should also enable sustainability. For this reason, there should be two margins one for the profit and the other for the sustainability. Profit is needed for the companies' survival so is the sustainability of the nature due to the fact that the production processes are dependent on the nature (i.e. raw materials, re-used materials, water, energy, etc. The design phase needs to cover interdisciplinary team work considering the construction phase so that the need for re-work and variations in the construction phase are reduced. Re-work and variations
The site location should be selected based on the sustainability and leaness principles which can require optimum trade-offs to achieve a design which has both sustainable and lean construction characteristics. For example, lean construction requires the reduction of waste in transportation which complies with the sustainability principles as it can reduce the amount of CO 2 emmission. The best site location with respect to the vicinity of materials, however, might not provide the best solutions with respect to factors such as natural ventilation, and daylighting affecting the operational cost of the building and its impact to the environment. The principles of the lean tools which can be adapted to the design process in the construction industry are: poka-yoke [26] to support correct, and fast constructable design; 3R (reducing, reusing and recycling) to support material determination in the design phase [27] ; and value based management (VBM) to consider product value for the customers as well as for the workers and project participants [28] .
Contract
Contracts and specifications determine the quality requirements including sustainability and lean performance requirements. Competent subcontractors and suppliers need to be assigned to the work so that the waste in terms of lean [wastes types (as defined by Ohno): overproduction; time on hand (waiting); transportation; processing itself; stock on hand (inventory); movement; and making defective parts] and sustainability are minimized. Partnering can support both lean and sustainable construction. It can support lean construction as described by [31] in the following statements:
"Partnering is a solution to the failure of central control to manage production in conditions of high uncertainty and complexity…Partnering…provides the opportunity for collaborative redesign of the planning system to support close coordination and reliable work flow… Partnering relationships coupled with lean thinking make rapid implementation possible. Where Partnering is about building trust, lean is about building reliability." [31] Similary, partnering can support sustainable construction as emphasized by [8] (p. 140) in the following statements: "A cooperative approach builds trust and suggests commitment to the relationship on part of the buyer as well as the supplier. In such relationships suppliers are more inclined to invest in development initiatives such as green supply chain management activities." Both standard contracts (i.e. FIDIC, ICE) and company specific contracts needs to be updated covering sustainability clauses (i.e. ethical sourcing, carbon footprint in the supply chain). [29] (p. 1218)'s study on the automobile industry and carbon footprint in supply chain management revealed the importance of analysing the supply chain's carbon footprint which can be facilitated through carbon auditing at product, company, and supply chain levels as well as through a carbon footprint manual and measurement tools as developed by HMC, a focal company, in the automobile industry. With the help of benchmarking from the automobile industry, similar carbon auditing and preparation for carbon footprint manual and measurement tools can be adapted to the construction industry and the construction contracts can be updated reflecting these requirements. Environmental criteria should form part of the specifications [4] (p. 1055). Social aspects of the production/construction process needs to be addressed in the contracts so that 'ethical' sourcing is ensured. The contract clauses should prohibit unethical sourcing activities (i.e. illegal child and forced labour, and discrimination) and it should refer to the Social Accountability 8000 standard [32] ." [4] (p. 1056). The contract should enable effective control mechanism for ensuring the sustainability performance required. The contract should include control mechanisms for inspections and arrangements for visits to the production sites of suppliers [4] (p. 1058) as well as to the sites for subcontractors' performed works. All these requirements should be reflected in all subcontractors' and suppliers' contracts in all tiers.
The choice of suppliers/subcontractors is critical in the implementation of a sustainable sourcing strategy [33] (p. 207). The focal companies can do the followings for the supplier/ subcontractor appointment/assignment:
• General sustainability requirements (i.e. in-house guidelines; environmental management systems such as ISO 14001; social standards such as; SA 8000 or AA 1000; and company's own code of conduct) need to be determined in the relationships to business partners, so that company's understanding of development is reflected to the supply chain the placing such requirements on suppliers/subcontractors who are required to pass them on in their own supply chains [4] (p. 1058-1059) • Environmental and social values need to be considered in addition to economic ones that will help the organization achieve its overall goals in a profitable and sustainable manner. [34] (p. 258) • Suppliers'/subcontractors' carbon management performance need to be analysed [29] (p. 1222) • Purchasers need to go beyond financial metrics and to monitor new sets of risks such as employees' security, pollution, and waste of resources [64] , [33] (p.208).
• Supply related environmental and social risks as well as suppliers' weak points need to be detected via internal and external issue screening with the help of: internet inquiries; expert panels; media and specialized journalism screening; contact to watchdog organisations; noting legal drafts; and regular dialogues with NGOs; internal staff members are also able to detect related issues; and introducing an internal reporting requirement for all divisions. [4] (p. 1058-1059) • Suppliers/subcontractors who do not fulfil environmental and social standards specified in the contract should be required to initiate an internal improvement and development process so that they ensure that they will meet the quality as specified in the contract [4] (p. 1058-1059)
Planning
Continuous work flow [25] (p. 182) is important for the lean construction and can be achieved with the help of effective and integrated planning [26] (p. 303-304). Planning needs to enable stabilizing the work environment, moving upstream to reduce in flow variation, Improving downstream performance [35] . Planning phase can be supported by the adaptation of the principles of the heijunka, just-in-time, value stream mapping, and last planner system lean tools. Heijunka aims at production levelling to stabilize the operations and to reduce variability in resource utilization [26] whereas just-in-time enables the production process to make what is needed only when it is needed and in the exact quantity needed, avoiding overproduction and reducing inventories to the minimum required for smooth flow [24] . Value stream mapping focuses on material and information flow. LPS supports the lean goals by making a planning mutual attempt and by increasing the reliability of team members' commitments [36] as cited from [21] . These lean tools can support the planning for smooth and continuous workflow keeping wastes as low as possible supporting sustainability. The work items and production processes which require resources but which do not create value (i.e. transport, inventory, motion, waiting) should be identified in the planning phase and they should be minimized [37] .
In case of high uncertainty in the project, the planning phase can be supported by the agile methods. Based on the principle of difficulty in predicting what will happen in the future, planning in the agile management consists of the following levels [19] : vision; roadmap (product breakdown structure and logical network as tools), and deliverance plan (including all milestones and their schedule); cycle plan (determining the cycles for each milestone and their duration); and daily plan. Vision and the roadmap are established at the beginning of the Project whereas the others are revised during the project.
Construction
Construction phase needs to be started with an effective mobilization. Based on the lean principles, site planning needs to be carried out in a way that it supports smooth flow of material, information, equipment, and labor, reducing or eliminating non value-adding activities (i.e. waiting, transportation). Site planning can effect the health and safety as well as sustainability performance of the construction (i.e. unprotected inventories can cause waste). Value stream mapping lean tool can support the mobilization phase as it focuses on the physical flow of material [26] Throughout the construction process, in addition to the effective contract administration, the followings need to be carried out to make the process lean and sustainable:
• Trainings (such as health and safety trainings) should be provided to the suppliers/ subcontractors on sustainability topics and site waste management.
• Based on the early detection of supply related environmental and social risks as well as weak points at suppliers [4] (p. 1059), necessary precautions need to be taken for the smooth flow of the works complying with both leanness and sustainability principles.
• Performed works needs to be controlled in accordance with the control mechanism determined in the contract (i.e. inspections; visits to the site) so that all waste types are eliminated or kept at minimum.
• With the help of benchmarking from [29] (p. 1218)'s study on the automobile industry, the construction process need to include carbon auditing at product, company, and supply chain levels and checking the compliance of the performance with carbon footprint manual and measurement tools so that carbon footprint in supply chain management can be reduced. Furthermore, the contracting parties and suppliers/subcontractors who have the tendency of failing to reach the targets specified in the contract can be trainned so that their carbon footprint performance is improved.
• Subcontractors need to comply with OHSAS 18001 in managing their occupational health and safety risks [38] as it can enhance the lean construction through improved work environment, and productivity as well as increased job satisfaction [21] .
• Subcontractors/suppliers need to comply with the normative requirements for sustainable supply management (In-house guidelines; environmental management systems; SA 8000 or AA 1000; code of conduct) [4] (p. 1058-1059).
• The construction process and the suppliers/subcontractors can get benefit from the last planner system as well as from application of lean operational practices (i.e. pay for performance wage systems; payment for ability; developing and rewarding multiple skill operators).
• Kaizen principles can be adapted to the construction process to reduce the need for rework and not to cause defective work, as Kaizen empowered the employees actually doing the work to remove waste as well as to design and implement more effective processes. Similarly, even Jidoka tool is suitable and invented for line production, its principle of stopping everything at the first sign of quality problems so that the problem can be corrected before production resumes, to limit the waste being produced [26] (p. 12), can be adapted to the construction process to prevent defective work.
• The construction phase and site management can be enhanced via visual management lean tool as it requires keeping the process areas clean and well organized through the use of tools like 5S, and usage of signs, labels, and color coding [26] (p. 148).
• Site management can be supported by the total productive maintenance tool to ensure that machines in production lines perform required tasks without interruption to avoid poor equipment performance related problems (i.e. over-production, inventory, defects, transportation, and waiting) [26] .
• Site waste management can be enhanced through 5S and 3R tools as 5S tool deals with five-step process for workplace organization, housekeeping, cleanliness, and standardized work [37] (p. 51) enhancing productivity, quality, speed, and safety of the work [27] whereas 3R is focusing on "reducing, reusing and recycling" to become lean and green [27] . Furthermore, site waste management requires [39] : a well structured waste management plan; agreements between contractors and sub-contractors to determine who is responsible for waste on-site; usage of waste companies that offer free waste skip disposal or usage of colour coded bins to segregate waste for recycling;
and appointment of a designated waste manager to deal with the delivery and storage of materials.
• Control should be actively carried out throughout the project life [21] (p. 91) to identify the variances and to take necessary precautions on time. Controlling can be supported by the building information modeling (BIM) and geographic information systems (GIS) [40] . Regular meetings, covering management, design, user liaison, cost and progress are also important for the control [41] (p. 189). Shared resources need to be coordinated [35] . Furthermore, plan, do, check, and act cycle as well as inspection and testing needs to be pursued. Five whys lean tool can support controlling phase as it is based on asking 'why' as many times as needed so that the root causes of the problem as well as the causes of waste in value stream map are identified [26] .
Construction phase needs to be accomplished with the environmental friendly demobilization.
Key success factors
Successul implementation of lean and sustainability practices requires change in the company culture and a strategic approach [57] , [58] , [44] , [59] , [60] , [17] , [51] , [61] ; lean organisational thinking [57] , [59] , [60] , [17] ; and management leadership [58] , [60] , [17] ; integration of operations management and human resource management practices [17] .
Lean and sustainability principles need to be embraced not only by the first tier supplier and subcontractors but also by all tiers (i.e. second and third tiers). As sustainable practices need to be implemented throughout the supply chain, relationship with suppliers is important [8] (p. 139). SC (supply chain) needs to be both environmentally and socially responsible [4] . SC can be economically responsible in case environmental criteria/standards are integrated into the whole supply process and in case environmental compatibility of purchased goods are optimized [49] , [4] (p. 1055); environmental performances of suppliers/subcontractors are assessed with respect to standardised environmental management systems [63] . Adherence to the standardised environmental management systems can be pre-qualification criterion for subcontractor/supplier appointment and these systems can be referred to in the product requirements specifications [4] (p. 1055) or the contract can refer to the green/sustainable building certificates. SC can be socially responsible so that unethical sourcing (i.e. illegal child and forced labour, and discrimination) can be avoided throughout the supply chain). Unethical sourcing can be prevented in case the focal companies work only with the companies addering to the ethical requirements (i.e. the Social Accountability 8000) and monitor their performance [4] (p. 1056). Similarly, knowledge capacities have to be aligned throughout the SC according to changing market requirements. [62] (p. 82). "…for a … future oriented sustainable supply management, the ability for development in the supply chain based on collective learning processes is the decisive factor in creating win-win situations for both partners." [4] (p. 1058) The focal companies need to integrate environmental and social criteria into their supply policies and processes [4] (p. 1056). They should enable close collaboration and shared best practices among the companies in the SC [42] , [43] , [44] , [45] . Close relationship with suppliers [46] and subcontractors as well as enabling their participation in sustainable and lean practices is important for reducing footprint of the SC. Factors influencing supplier participation include [8] , [44] : customer requirements, supplier readiness, relational norms and customer investment. internal capabilities of suppliers, e.g. relevant knowledge and know-how, are positively related to participation in GSCM initiatives. Similarly, employees' involvement needs to be encouraged through empowering them [47] , [48] , [49] , [50] , [51] .
A sustainability move relies on the adoption of new manufacturing technologies, and of sustainable products as well as on the integration of sustainability practices into the supply chain [62] (p. 73).
Sustainability supply management concept requires accomplishment of the following levels [4] (p. 1058-1060): (1) normative requirements (i.e. in-house guidelines; environmental management systems; SA 8000 or AA 1000; code of conduct) (2) early detection of supply related risks; (3) operational implementation of supply process; and (4) monitoring and supplier development (creation of control mechanisms for inspections; visits to the production sites of particular suppliers; a revision and qualification system to obtain professional competence and routine in the processes).
Lean performance needs to be monitored and evaluated [44] , [52] , [53] for enhancing the lean performance of the supply chain. Effective communication [54] , [17] , [55] is important for monitoring the supply chain's performance. ICT can facilitate this process. [17] empasized that for the results in the lean supply chain to be sustained logistics and distribution systems need to be improved, ICTs implemented to integrate customers and suppliers, and cooperative relationships with customers and suppliers continuously improved [56] .
It is important to consider and take necessary precautions against possible barriers which might be encountered in the transformation process of the supply chain. These barriers might include: suppliers' lack of technical know-how to comply with sustainability requirements [8] ; suppliers' lack the financial means to invest in green initiatives [8] ; enforcing unreasonable contracts on small suppliers obstacling their stay in business [8] (p. 139); risks arising due to the implementation of sustainable procurement [64] , [33] (p. 207); conflicts among companies in the same SC upon launching new sustainability-oriented activities [7] (p. 549); the consumers' unwillingness/reluctance-to-pay for sustainability efforts [65] , [66] , [62] (p. 74); high initial buyer and supplier investment costs associated with adapting SSM [34] (p. 267); cost issues and economic uncertainty." [34] (p. 267); rising transaction costs due to embedding environmental standards in the purchasing criteria [46] , [44] and the difficulty in developing and managing environmental specifications [44] , [46] ; suppliers' reluctance in environmental upgrading due to fuziness in the sufficient business rationale for investing in environmental upgrading." [10] (p. 73); difficulties in supplier relationship management due to potential risks and financial disadvantages of collaborative partnerships (i.e. overinvestment in supplier integration [67] , [68] .
It is important to consider and take necessary precautions against the following challenges which might be encountered in the transformation process of the supply chain:
• Purchasing good or services complying with environmental and/or ethics policy might not result in the lowest costs [4] (p. 1054).
• Lean might not be always green or sustainable as they can have conflict of interests causing trade-offs. For example, when the supply chain is expended geographically, lean and sustainability practices start to conflict due to CO 2 emissions [69] . Furthermore, not all lean practices can contribute to the CO 2 emmissions (e.g. JIT can cause high frequency of transportation with small batches resulting in CO 2 emmissions) [44] .
Key success factors for successful integration of lean and sustainability principles into the supply chain have been summarized in the the SC so that they can share best practices and improve themselves with the help of collective learning process [4] , [42] , [43] , [44] , [45] Collaboration integrating operations management and human resource management practices [17] Culture and thinking changing the company culture and a strategic approach [17] , [44] , [51] , [57] , [58] , [59] , [60] , [61] complying with lean organisational thinking [57] , [59] , [60] 
Strategic Aspects of the Sustainable and Lean Construction Supply Chain Management
[62] (p. 74) emphasizes the importance of strategic management for adaptation of the companies to the developments in the sustainability as follows: "Developments in the sustainability have significant implications on the strategic decision-making process of the firm as the sustainability challenge requires the revision of current management practices." The SWOT analysis needs to be carried out by the companies so that they can benefit from opportunities in the environment and convert threads into opportunities. The tendency in society and environmental legislation towards environmentally friendly products reveals market opportunity for the companies who can adapt themselves to these new trends. The companies who fail to adapt themselves to these new trends might encounter market entry barriers or shrinkage in their markets. Enhancing sustainability performance of the SC requires competence for sustainable production methods and manufacturing [8] .
It is important that the companies in the supply chain notice the advantages and synergies of sustainability embedded into the lean supply chain management so that they can adapt their strategic management accordingly. Integration of lean and sustainability practices creates synergy as lean can contribute to the sustainability practices which can contribute to the lean business practices and enhance companies' lean performance [44] (p. 93). Other areas of synergies include:
• increase in the value delivered to customers.
• increase in the profit margins due to differentiation in sustainability practices [50] . [44] (p. 95-98).
• possibility in implementation of common tools (i.e. value stream mapping [17] , [70] , [20] ) in both lean and sustainability practices • improved resource efficiency through lean management [71] , [72] lead to the reductions in environmental pollution preventing waste emergence [71] , [74] , reducing materials and energy consumption as well as reducing the dispersion of toxic substances through the use of fewer raw products [74] , [75] , [73] .
• fostering innovation in the supply chain [71] • lean practices' and lean supply chain management's contribution to the accomplishment of environmental goals and adoption of environmental practices as well as to the accomplishment of the green supply chain strategy [50] , [74] , [17] , [51] , [73] , [74] • reductions in inventory levels, excess capacity, and transport and production times, and increased levels of integration and frequency of information sharing throughout the supply chain [75] as quoted by [17] .
• common requirements of lean and sustainability for external auditing and on-going reviews [44] • increase in the competitiveness and in organizational performance [82] , [83] , [9] (p. 118), [76] (p. 232), [4] (p. 1058), [5] (p. 109), [84] .
• enhancement in their operational performance due to socially and environmentally responsible supply chain management [9] (p. 118) • increase in the efficiency through the elimination of errors and breakdowns. [4] (p.
1058)
The companies should consider the advantages of addressing environmental concern in the supply chain management (e.g. achievement of the economic success of a company's supply chain due to complying with environmental and social standards [4] , [81] ) for their investment decisions in their strategic plans. The companies can be encouraged in their strategic plans to invest in enhancing the sustainability of their supply chain management due to the various drivers including: government regulation [86] , [34] (p.262); financial benefits [34] (p. 262); desire to gain competitive advantage [33] , [34] (p. 262), [87] ; customers' demand [8] (p. 134); [34] (p. 262); demand for environmental protection [88] (p. 577); desire to reduce costs through minimization of waste and pollution [87] ; return of investments in environmental upgrading [10] (p. 81); differentiation for the brand with the help of embedding sustainability into brand knowledge and brand value [85] (p. 287); prevention of loss of reputation that might arise from insufficient environmental and social problems [9] (p. 118), [76] (p. 232), [77] , [78] , [79] and lacking social standards at suppliers [80] . [4] (p. 1055). Similarly, companies can be encouraged in their strategic plans to invest in enhancing the lean performance of their supply chain due to the potential benefits of lean management including: lean practices can enhance sustainability [89] ; and health and safety in the work place [17] , [90] , [74] . Furthermore, lean practices might enhance the workers' commitment and increase their motivation [91] , [92] , [18] through increased responsible autonomy [93] and personel empowerment.
EXTENDING THE SCOPE OF THE PORTER'S DIAMOND FRAMEWORK
Porter's diamond framework can be a useful tool for strategic analysis. Porter's diamond model provides insight into how a company's environment influences its competitive advantage over time and how to set strategy in order to outperform international competitors. Porter [30] , [94] 's diamond framework defines factors which affect the competitive advantage of the companies working abroad. This framework includes 4 main factors (firm strategy, structure, and rivalry; factor conditions; demand conditions; and related and supporting industries) and 2 outside factors (chance and government). The diamond model focuses on: production factor conditions; demand conditions for industry's products/services; availability of the related and supporting industries capable to compete internationally as well as chance and government factors. Porter's diamond framework, however, does not cover the sustainability conditions and future generation factor which need to be considered by the companies and their suuply chain when they set strategy to outperform their competitors. For this reason, Porter's diamond framework needs to be extended considering sustainability and lean requirements. Porter [30] [94]'s diamond framework can be redefined embedding sustainability perspective as follows (Figure 2 ):
• Future generations requirements as outside factor: Future generations requirements (i.e. living in the habitable world) influences all main factors encouraging the companies to produce more sustainably in an efficient and effective way reducing/minizing waste. Increased efficiency in the production/construction can support competitive advantage of the companies through reduced cost. Sustainability conditions need to be another main factor which needs to be covered by the diamond framework.
• Sustainability conditions as main factor: Sustainability conditions influence economical, social and ecological aspects of the production/construction environment enabling long term competitive advantage affecting all other 4 main factors. 
CONCLUSIONS AND RECOMMENDATIONS
As the world's habitat is being deteriorated despite of the precautions taken, and as there is need for immediate action [95] , [2] , this paper focuses on embedding sustainability in leagile construction supply chain management. The main findings and recommendations of this research can be summarized as follows:
YBL JOURNAL OF BUILT ENVIRONMENT 201X/X [76] (p. 232), [77] , [78] , [79] and lacking social standards at suppliers [80] . [4] (p. 1055). Similarly, companies can be encouraged in their strategic plans to invest in enhancing the lean performance of their supply chain due to the potential benefits of lean management including: lean practices can enhance sustainability [89] ; and health and safety in the work place [17] , [90] , [74] . Furthermore, lean practices might enhance the workers' commitment and increase their motivation [91] , [92] , [18] through increased responsible autonomy [93] and personel empowerment.
EXTENDING THE SCOPE OF THE PORTER'S DIAMOND FRAMEWORK
• Sustainability conditions as main factor: Sustainability conditions influence economical, social and ecological aspects of the production/construction environment enabling long term competitive advantage affecting all other 4 main factors. • Redefinition of the Porter's value chain: Porter's generic value chain needs to be updated with the contemporary and future needs covering lean and sustainability principles so that the leanness and sustainability of the supply chain is supported. The changes required are: adding 'design' as primary activity; adding 'lean management', 'value engineering' and 'sustainable management' as support activities; and adding 'sustainability margin' extending the margin concept.
• Redefinition of the Porter's diamond framework: Porter [30] , [94] 's diamond framework can be redefined embedding sustainability perspective adding 'future generations requirements' as an outside factor and 'sustainability conditions' as main factor.
• Redefinition of the 'value' concept: 'Value' concept needs to be broadend throughout the supply chain so that the value for the nature, as well as the value for the next generations are considered.
• Redefinition of the 'stakeholder' concept: 'Stakeholder' concept needs to include the next generations and the nature as well. As Brudtland report (WCED, 1987: 43) defined 'sustainable development' as "… development that meets the needs of the present without compromising the ability of future generations to meet their own needs". This needs to be reflected in the supply chain management.
• Redefinition of the 'project manager's duties': Integration of the sustainability, leanness and agility principles to the construction supply chain requires the project managers to deal with additional parameters (i.e. reduction of waste) to fullfill.
• Redefinition of the scope of the strategic management: Sustainability, leanness and agility need to be an integral part of the strategic management as they require change in the company culture and commitment of the top level managers as well as of the staff. They require long term commitment of the company/suppliers and their staff. They can be referred to in the company's/supplier's mission and vision statements.
• Integration of the sustainable and lean construction project management principles into the construction supply chain: Lean and sustainability create synergies especially through their common goals (i.e. elimination of waste), their common tools (i.e. value stream mapping and sustainability value stream mapping) and their common requirements for external auditing and on-going reviews. Leanness, and sustainability require transformation in the working culture and strategetic approach. o Design is the most convenient phase to influence the value created and the footprint of the project. Design process can be enhanced by the lean tools (such as value stream mapping, sustainable value stream mapping) or by the agile tools (such as daily scrum, cycles, involvement of scrum manager) as appropriate to the project and its uncertainty levels. o Contract needs to define sustainability criteria and refer to ethical sourcing and carbon footprint topics. o Planning process can be enhanced by the lean tools such as Last Planner System as appropriate to the project and its uncertainty levels. o Construction phase can be enhanced by the lean tools (such as 5S, 3R, total productive maintenance) as appropriate to the project and its uncertainty levels. Control of the sustainability performance achieved is important to take necessary precautions (i.e. training the subcontractors/suppliers).
• Role of government in the establishment of the sustainable and lean construction supply chain management: The governments can play key roles in motivating the companies to adapt sustainable and lean construction process through providing incentives, posing taxes to the externalities, as well as through pre-qualification criteria in the tenders.
• Changes required in the contract documents: Both standard contracts (i.e. FIDIC, ICE) and company specific contracts needs to be updated covering sustainability clauses (i.e. ethical sourcing, carbon footprint in the supply chain). All these requirements should be reflected to all subcontractors/suppliers in all tiers in the whole supply chain.
• Selection/appointment process of the suppliers/subcontractors in the sustainable and lean construction supply chain management: Pre-qualification phase in the tenders should include sustainability performance related criteria. The subcontractors/suppliers in all tiers in the supply chain can be trainned (just like health and safety trainings) on the sustainability topics, and on the normative sustainability requirements.
This paper aimed to analyse and establish the principles of the integration of the sustainability dynamics into the lean construction supply chain management. Further research is recommended to be carried out on how to widespread sustainability dynamics integrated lean construction supply chain management practices throughout the construction industry. This paper is expected to contribute to the achievement of the goals set in the agenda of the EU policies, and targets with regard to CO 2 emission reductions as well as to the researchers and practioners in the relevant field.
